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ABSTRACT ^ 

This report, the first of several to be published on 
the results of the 1972-73 assessment of mathematics, begins with a 
brief general discussion of the project. The findings with respect to 
pure computation and computation with translation are then presented 
in some detail. Data collected from subjects at four age levels (9, 
13, 17, and adult) are presented; these data relate to skill at 
performing the four basic operations, spearately and in combination, 
ability to compute with fractions, translatiop (word problems) , and 
approximation. Several sample problems and response patterns are 
presented and discussed. Group results are summarized; results are 
also analyzed on the bases of sex, race, geographical region, 
educational level of parents, and size and type of community. (SD) 
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FOREWORD 



The National Assessment of Educational Prog- 
ress (NAEP) is an information -gathering proj- 
ect which surveys the educational attainments 
of 9-year-olds, 13-year-olds, 17-year-olds and 
adults (ages 2&-35) in 10 learning areas: art, 
career and occupational development, citizen- 
ship, literature, mathematics, music, reading, 
science, social studies and writing. Different 
learning areas are assessed every year, and all 
areas are periodically reassessed in order to 
measure educational change. 

Each assessment is the product of several 
years work by a great many educators, schol- 
ars and lay persons from all over the country. 
Initially, these people design objectives for 
each area, proposing specific goals which they 
feel Americans should be achieving in the 
course of their education. After careful 
reviews, these objectives ire then given to 
exercise (item) writers, waose task it is to 
create measurement tools appropriate to the 
objectives. 



When the exercises have passed extensive 
reviews by subject-matter specialists and 
measurement experts, they are administered 
to probability samples from various age 
groups. The people who comprise these sam- 
ples are chosen in such a way that the results 
of their assessment can be generalized to an 
entire national population. That is, on the 
basis of the performance of about 2,500 
9-y ear-olds on a given exercise, we can gener- 
alize about the probable performance of all 
9.y ear-olds in the nation. 

The National Assessment of Educational Prog- 
ress also publishes a general information 
yearbook which describes all migor aspects of 
the Assessment's operation. The reader who 
desires more detailed information about how 
NAEP defines its groups, prepares and scores 
its exercises, designs its samples and analyzes 
and reports its results should consult the 
General Information Yearbook, Report 
03/04-GIY. 
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INTRODUCTION 



How mucii Uoos it cost? How long will it 
tako? Which is the best buy? To find solutions 
to these and many similar questions, people 
need to perform some elementary computa- 
tions. These computations involve deciding 
which numbers and which mathematical 
operations (addition, subtraction, multiplica- 
tion, division) to use and knowing how to 
perform the required operations. Problems 
like these confiront everyone daily. Unless one 
has a firm foundation in computational skills, 
simple problems will require an inordinate 
amount of time and effort; complex problems 
will become insurmountable obstacles; ""'"'•"•w 

In the early 1960s, mathematics education 
gained widespread attention with the advent 
of "modem math." Although the mathe- 
matics being taught was not particularly new 
or "modem," there was an increased emphasis 
upon understanding the structure and princi- 
ples of mathematics. In addition, topics sucn 
as algebra and geometry were being intro- 
duced in the primary grades. These trends 
produced some fear that traditional topics 
such as computation might be "short- 
changed" in the schools. This report addresses 
that issue by focussing entirely upon the 
ability of American school children and 
young adults to complete basic mathematical 
computations. 

Although the increasing popularity of pocket 
calculators may reduce the necessity for hand 
calculation, people will continue to need 
computational skills. Everyone will not 
always have a calculator available. Further- 
more, it will still be necessary to estimate 
whether the calculator's answers are reason- 
able and to determine which operations to use 
before turning on the machine. 



The 1972-73 Mathematics Assessment 

How well are Americans able to compute? 

To provide data on Americans' skills and 
knowledge in mathematics, the National 
Assessment of Educational Progress (NAEP) 
conducted an assessment in mathematics 
during the 1972-73 school year. Ability in 
computation was only one of the many 
mathematical areas assessed. 

, The assessment involved students at three ag<? 
levels-9, 13 and 17-year-olds-and out-of- 
school 17 -year-olds and young adults age 2U 
through 35. 

About three fourths of the 9-year-olds were 
enrolled in the fourth grade with most of the 
remainder in the tliird grade. About three 
fourths of the 13-year-olds were enrolled in 
the eighth grade with most of the remainder 
in the seventh grade. 

Two groups of 17-year-olds participated in 
the assessment: (1) the "in-school" 17-year- 
olds and (2) the "out-of-school" 17 -year-olds 
who were not enrolled in public or private 
schools during March 1972 because they had 
either dropped out or completed high school 
early. The latter were included to provide a 
more balanced representation of all 17-year- 
olds. About 66% of the "in-school" 17-year- 
olds were enrolled in the eleventh grade; of 
the remainder, about half were enrolled in the 
tenth grade and about half in the twelfth. The 
young adults (ages 26-35) who participated 
in the assessment were born between April 1, 
1937, and March 31,1947. 

The 9-year-olds were assessed in January- 
February of 1973, the 13-year-old8 in 
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October-December 1972 and the in-school 
17.year-olds from March to April 1973. The 
out-of school 17 -year-old and adult assess- 
ments were conducted from October 1972 to 
July 1973. Out-of.school 17 -year-olds and 
adults were generally interviewed in their 
homes while students at ages 9, 13 and 17 
completed the assessment when attending 
school. 

Over 90,000 people, both in and outside of 
schools, responded to a wide variety of 
mathematics exercises. Approximately 25,000 
9-year-olds, 30,000 13-year-olds, 34,000 17- 
year-olds and 4,000 young adults were 
included in the assessment. National Assess- 
ment's probability sampling procedures insure 
that these people were statistically representa- 
tive of the total population of the United 
States at each of the four age levels. 

The majority of NAEP exercises are designed 
to be administered to groups of 8 to 12 
people while others are to be given on an 
individual basis. "Individual" exercises are 
used to elicit responses which would be 
difficult to observe in a group situation-for 
example, performing a science experiment or 
singing a song. In mathematics, these exercises 
were often used to observe the procesc which 
a person followed to solve a problem. 

To prevent reading ability from affecting 
mathematics performance, the exercises in 
group packages were played on tape to the 
respondents. Individually administered exer- 
cises were usually read aloud by the 
interviewer. 

Most of the computational exercises were 
open-ended, meaning that the respondent had 



to supply a response rather than select an 
answer from a number of alternatives. The 
responses to the open-ended exercises were 
tabulated in various scorirg categories. Thpse 
scoring categories were defined by examining 
the types of responses made when the 
exercises were "tried out" or pretested prior 
to the assessment. The categories were 
redefined or modified if the actual assessment 
results differed from those found in tryouts. 
Scoring categories included common errors 
and thus can provide a diagnostic tool to aid 
in Hentifying frequently made mistakes. 

Responses which foUowed no discemable 
pattern were placed in a category called 
"other unacceptable." For all open-ended 
exercises, respondents were instructed to 
write the words "I don't know" on the 
answer line if they felt they did not know the 
answer to a problem. 

Many of the exercises were administered to 
more than one age group so that response 
patterns at different ages could be compared. 

National Assessment releases approximately 
half of the exercises administered in a learning 
area for a given assessment year. In this 
report, results for both released and unre- 
leased exercises are discussed; however, the 
actual exercises are shown only for those 
items which are released. A brief description 
of the unreleased exercises is provided. 

This report is concerned with computational 
skills included in the mathematics assessment. 
Other reports focus upon additional selected 
areas of American ability in mathematics with 
complete data on the entire assessment 
provided in the mathematics technical report. 
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CHAPTER 1 
PURE COMPUTATION 



One of the first steps in computation is the 
abihty to perform the four basic operations- 
addition, subtraction, multiplication and 
division. The mathematical processes are first 
learned in work with wholo numbers; applica- 
tion of the processes to problem situations 
usually follows the development of computa* 
tional skills. 

In the exercises discussed in this chapter, the 
respondents were told whether to add, sub- 
tract, multiply or divide. Symbols indicating 
the appropriate operation were also given in 
most of these problems. Thus, the skills 
measured by these exercises were purely 
Computational; the respondents did not have 
to decide which operation to use. 

The computation exercises are ordered as the 
operations are generally taught-addition, sub- 
traction, multiplication and division. Exer- 
cises concerning operations with Inactions and 
with negative numbers are included at the end 
of the chapter. 



Properties of Zero 

Exercise RB03 concerned knowledge of the 
properties of zero in addition, multiplication 
and subtraction. This exercise was admin- 
istered at ages 9 and 13 (Table 1). 

Percentages of success were extremely high at 
both age levels on the addition problem. 
Nine-year-olds had the most difficulty with 
multiplying a number by zero while 13-year- 
olds were about equally adept in multiplying 
a number by zero and subtracting zero from a 
number. There was a marked increase in 
performance on each problem from the 9 to 



TABLE 1. Exercise RB03 



A' 3 + 0- Age 9 Age 13 

3* 94% 98% 

0 5 2 

Other t •ff 

B. 3x0- 

0* 82 95 

3 16 5 

Other 3** 4. 

C. 3 • 0 » 

3* 88 94 

0 11 6 

Other - j ^ 

* Asterisk indicates correct answer. 



fPlus equals rounded percents less than one. 
**Figures may not add to J 00% due to rounding error. 



the 13-year-cld age levels. For example, 1 in 
6 of the 9-year-okIs said that 3 was the 
correct answer to 3 x 0 (part B) but only 1 in 
20 of the 13.yeai*-olds made this mistake. 

Since all three parts of this exercise were 
administered to one respondent, it is possible 
to determine the overall percentage of success 
for the three parts! At age 9, 71% of the 
respondents answered all three parts correct- 
ly; this percentage was 89% for 13-year-old8. 
Although this is a 20 percentage point in- 
crease between the two age groups, still 1 
13-year-old in 10 did not complete all three 
operations correctly. 

Fifteen percent of the 9-year-olds and 5% of 
the 13-year-olds gave the correct answers to 
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the addition and subtraction problems but 
missed the multiplication problem. In com- 
parison 7% of the 9-year.old8 and 4% of the 
13.year-olds successfully solved the addition 
and multiplication but not the subtraction 
problem. 



Addition 

Five exercises dealing solely with addition 
were included in the assessment. These exer- 
cises varied in complexity from adding of one- 
and two-digit numbers with simple regroupmg 
(carrying), to adding decimals (dollars and 
cents), to adding large numbers with more 
difficult regrouping. 

Released Exercise RC02 included four prob- 
lems, one for each of the four basic opera- 
tions. Results for only the addition problem 
are discussed here (Table 2); results for the 
other problems in this exercise wUl be pre- 
sented as each basic operation is discussed. 
This problem, given at all four age levels, 
asked the respondents to add two two^Jigit 
numbers. Simple regrouping (carrying) was 
necessary since the sum of the digits in the 
ones column was greater than 10. 



TABLE 2. Exercise RC02A 

Add: 



■H9 Age 9 Age 13 Age 17 Adult 

51* 79% 94% 97% 97% 

* Asterisk indicates correct answer. 



There was a 15 percentage point increase 
from age 9 to 13, indicating that learning of 
basic operations continues throughout the 
early grades; however, increases above age 13 
were slight. Nine-year-olds regrouped incor- 
rectly in 7% of the cases: Five percent gave 
the answer as 47, neglecting to add the one 
into the tens column whUe about 2% respond- 



ed with 417, writing the answer to each 
column separately. The majority of the 9- 
year-old errors, 12%, were in the category 
designated "other unacceptable"; that is, the 
mistakes made followed no discernable pat- 
tern. Regrouping errors were considerably 
fewer at the older ages, accounting for 2% of 
the 13-year.old errors and less at ages 17 ax;d 
adult. 

An unreleased exercise (C10006) given at ages 
9 and 13 asking the respondent to add two 
two<ligit numbers without regrouping showed 
the following percentages of success: age 9, 
69%; age 13, 91%. Results were slightly lower 
than on Exercise RC02A (shown previously) 
at age 13 and about 10% lower at age 9 even 
though no regrcuping was Involved. This 
difference may be due to the set up of the 
problem as the numbers were presented hori- 
zontally in a sentence, and the word "sum" 
rather than the addition symbol was used. 

An individually administered unreleased exer- 
cise (C10076) involved adding four numbers 
of one or two digits (for example, 2 + 6 + 11 
+ 13) with regrouping. It was answered 
correctly by 72% of the 9-year-olds, 89% of 
the 13-year.olds, 94% of the 17-year-olds and 
93% of the adults. 

Addition of four two-digit numbers with 
regrouping was required in unreleased Exer- 
cise C10009. Fifty-three percent of the 9- 
year-olds, 83% of the 13-year-olds and 93% of 
the 17-year-olds solved the problem correctly. 
Failure to regroup accounted for 8% of the 
errors at age 9, 3% at 13 and 1% at 17. 

Released Exercise RCOl involved adding and 
regrouping with decimals (dollars and cents). 
The exercise and results are presented in 
Table 3. 

A large number of the 9-year-olds added 
correctly but made errors in decimal place- 
ment. This is understandable as decimals are 
not generally introduced at the fourth-grade 
level. If the dedmal'enors are discounted, 
62% of the 9-year-old respondents did the. 
addition correctly, a figure which is close to 



TABLE 3. Exercise RCOi 



Summary of Addition Results 



Add the following numbers: 

$ 3.09 
10.00 
9.14 
S>10 



Age 9 Age 13 Age 17 Adult 

27.33* (with 
or without 

Ssign) 40% 84% 92% 86% 

Dec. plcnit. 

errors 

(correct 

numbers) 22 8 2 6 



One or two 
regrouping 
errors (may 
misplace 

decl.al) S 



Other 

unacceptable 27 

I don't 
know or no 
response 6 



2 
6 

It 



2 
4 

+*• 



2 
6 



'^Asterisk indicates correct answer. 

t Figures may not add to 100% due to rounding errors, 

**/Vmj equals rounded percents less than one. 



results on Exercise C10009 (four two-digit 
numbers with regrouping: 53%) and C10006 
(two two-digit numbers without regrouping: 
69%), but below those for RC02A (38 + 19; 
79%). 



Although the results on these five exercises 
cannot be aggregated to produce a ''score" on 
addition, they can be placed beside one 
another to present a general pictute of per- 
formance (Figure 14), 

Results for similar exercises fell into similar 
ranges. Between 70 and 80% of the 9-year, 
olds, 90 to 95% of the 13-year*olds and about 
95% of thfe 17-year.olds could complete 
simple addition regrouping problems such as 
RC02A (38 + 19) and C10076 (adding one- 
and two-digit numbers with regrouping). On 
Exercises C10009 (addition of four two-digit 
numbers) and RCOI (addition of four four- 
digit numbers), problems requiring more 
involved addition skills (more numbers to be 
added and/or more regrouping necessary) 
83—84% of the 13-year-olds were successful 
on the two exercises while 17 -year-olds per- 
formed at around 92% on both exercises. 

The manner in which a problem is presented 
and the vocabulary used seem to influence 
performance. The results on C10006— which 
did not demand regrouping— were lower than 
those for RC02A— where regrouping was 
necessary— although, theoretically, C10006 
should be the easier exercise. Adults did as 
well as 17-year-olds on two exercises and fell 
somewhat below on one, indicating that 
addition skills do not improve after secondary 
schooling is completed. From ages 9 throu^ 
17, however, performance did improve on all 
exercises. 



Adult performance on RCOI dropped below 
that of 17 -year-olds although performance of 
the two groups was quite similar on C10076 
(four one- and two-digit numbers) and 
RC02A (38 + 19). 

Judging from the results on this exercise, one 
adult in seven may well have difficulty in 
totaling a sales slip or in checking a grocery 
bUl. 



Subtraction 

Five exercises were devoted to pur<^Iy compu- 
tational subtraction. Again, the difficulty of 
the exercises varied, ranging from exercises 
requiring only one regrouping, to problems 
asking more extended regrouping, to decimal 
subtraction. 



BEST COPY AVAILABLE 



FIGURE M. Percentages of Success for Addition Exercises 



Age 9 
Age 13 



Agu 17 



Adult 





RC03A 



CI 0006 



CI 0076 



CI 0009 



RCOl 



In Exercise RC02B, respondetits were asked 
to complete subtraction of a two-digit num- 
ber from a two-digit number with regrouping 
(borrowing). This exercise was administered 
at each of the four age levels. The exercise 
and results are shown in Table 4. 



The most firequent mistake at age 9 was 
subtracting the 6 from the 9, resulting in an 
answer of 23. Eighteen percent of the 9-year- 
olds used this technique. This mistake 
occurred less often at the older age levels 
(under 2%. at xJ, 17 and adult); errors at the 
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TABLE 4. Exercise RC02B 

Subtract: 
36 

Age 9 Age 13 Age 17 Adult 

17» 55% 89% 92% 92% 

* Asterisk indicates correct answer. 



older age levels tended to cluster in the 
miscellaneous "other unacceptable" category. 

Two subtraction exercises, one released and 
one unreleased, called for more extensive 
regrouping. In RC04, a three-digit number 
was subtracted from a four^diglt number with 
regrouping in three places. Exercise C10019 
required subtraction of a three-digit number 
from a three-digit number with regrouping in 
two places. Exercise RC04 and results for 
both exercises are shown in Table 5. 



TA BLE S. Exercises RC04 and C 1 00 1 9 
Exercise RC04 

Do the following subtraction: 
1.0S4 

• 86S Age 9 Age 13 Age 17 Adult 

I89» 27% 80% 89% 90% 

Exercise C10019 

Percent 
answering 

correctly 30 75 87 

^Asterisk indicates correct answer. 



The results are remarkably similar. Data from 
these two exercises suggest that about 30% of 
the 9-year-olds, 75—80% of the 13-year-olds 
and 88% of the 17-year-olds can successfully 
complete subtraction with regrouping. 



For 9-year-olds, the most common mistake 
(following "other unacceptable") was a rever- 
sal error (subtracting some part or parts of the 
minuend from the subtrahend)— 12% on Exer- 
cise RC04 and 22% on Exercise C10019. The 
largest error category at ages 13, 17 and adult, 
again discounting "other unacceptable," was 
one error in regrouping. For Exercise RC04, 
this meant an answer of 199 or 289 rather 
than 189, the correct solution. On RC04, 6% 
of the 9-year-olds, 4% of the 13-year-olds, 3% 
of the 17-year-olds and 3% of the adults made 
such an error. On C10019, 6% of the 9-year- 
olds, 5% of the 13-year-olds and 5% of the 
17-year-olds made an error in regrouping. 

C10076, an unreleased exercise individually 
administered, also asked for subtraction of a 
three-digit number from a four^iigit number 
with regrouping in three places (similar to 
RC04). Percentages of success on this exercise 
were as follows: age 9, 28%; age 13, 71%; age 
17, 80%; and adult, 87%. 

Results for 9-year-olds were quite consistent 
across the three exercises discussed above; 
performance of the other age groups seems 
more likely to vary. 

Another released subtraction exercise dealt 
with decimal subtraction (Table 6). This 
exercise was not administered at age 9 
because decimals are not typically included in 
the third- or fourth-grade curriculum. 

Regrouping in two places was required. 
Decimal placement mistakes accounted for a 
relatively small percentage of the errors at all 
age levels. As with the other subtraction 
exercises, a large percentage of the errors 
(19%, 11% and 12%, respectively) were scored 
in the "other unacceptable" category— that is, 
they did not appear to stem from any 
particular misconception or conftision. 

Summary of Subtraction Results 

Performance on the subtraction exercises was 
generally lower than on the addition exercises 
(see Figure 1-2). Percentages for 9-year-olds 
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FIGURE 1-2. Percentages of Success for Subtraction Exercises 
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C100I9 



CI0076 



RC17 



appeared to be relatively stable when 
extended regrouping was required. The widest 
range of results occurred at the 13-year-old 
level; this may be due in part to 13-year-old 
lack of proficiency with decimals. In both 
addition and subtraction, adults seem to have 



difficulty working with decimals, falling 
below the 17-year-olds on both decimal 
exercises. The most common error at age 9 
was a reversal— subtracting the smaller number 
from the larger number regardless of place- 
ment in the problem. Respondents at the 
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TABLE 6. Exercise RC17 
If 23.8 is subtracted from 62.1 , the result is 

Age 13 Age 17 Adult 
38.3* 61% 78% 



Errors in decimal 

placement 4 3 

One regrouping 
error 48.3 or 
39.3 (decimal 
placement did not 

count) 3 3 

Subtraction 
reversal (decimal 
placement did not 

count) 6 2 

*Asterisk indicates correct answer. 

f Percentages do not total 100% as all response 

categories are not shown. 



74% 
2 



It 



three older ages tended to make one 
regrouping error in the more complex 
subtraction problems; instances of two 
regrouping errors in the same problem were 
rare. 



• Multiplication 

Multiplication, the third computational opera- 
tion, is generally taught in the third and 
fourth grades Although preparatory work 
should have begun in the lower grades. Prac- 
tice with regrouping and with problems in 
which both factors are greater than 10 con- 
tinues throughout the upper primar>' grades. 
Thus, it is to be expected that 9-year-old 
performance in multiplication will be below 
that of the other age levels, as many 9-year- 
olds are still struggling to memorize the 
multiplication number facts and have not 
mastered the multipl" cation process. One 
fourth of the 9-year-ok«c were in the middle 
of third grade at the time of the assessment 
and wouW probably have at best a rudimen- 
tary knowledge of the multiplication process. 
By age 13, most curricula imply that develop- 



ment of the basic computational operations 
will be complete. 

Multiplication computation was measured in 
six assessment exercises. Released Exercise 
RC02C asked for multiplication of a two-digit 
number by a one-digit number with one 
regrouping step (Table 7). 



38 
x9 



TABLE 7. Exercise RC02C 
Age 17 



Age 9 Age 13 
342* 25% 83% 

* Asterisk indicates correct answer. 



Adult 

81% 



Results are slightly lower than for the addi- 
tion and subtraction components of this 
exercise; as expected, the percentage of 9- 
year-oWs answering correctly is considerably 
lower. Twenty-eight percent of the 9-year- 
olds simply answered "I don't know." On this 
particular task, adults performed below both 
the 13 and 17 -year-olds. 

The second released multiplication exercise, 
RC09, is a problem involving exponents in 
disguise. Although exponents as such are not 
shown, multiplication of a number by itself a 
given number of times is simply one way of 
expressing the exponential relationship. This 
exercise was more difficult than the first 
problem for all age levels and especially so 
for 9-year-olds (Table 8). 



TABLE 8. Exercise RC09 
10x10x10x10" 

Age 9 Age 13 

4% 66% 
Respondents 



Respondents 
answering 10,000 



answering 1 0^ 



1 



Age 17 

79% 

I 



Multiplication by lOs is the basis for our 
decimal number system and thus is highly 
important to concepts of place value. How- 
ever, the low 9-year.old percentage of success 
is understandable since most textbooks do 
not present multiples of 10 until close to the 
end of the fourth grade, if indeed they are 
introduced that early. Remembering that the 
assessment was administered to 9-year.olds in 
January and February when classes would 
probably have completed only half their 
textbooks and that one fourth of the 9-year, 
old respondents were third graders, the results 
ate not surprising. Approximately two thirds 
of the 13-year-olds and four fifths of the 
17.year-olds solved this problem correctly, 
answering either 10,000 or 10* . 

Common errors at age 9 included giving some 
answer beginning with 4, such as 40, 400 or 
4,000 (34%) or giving an answer of 200 
(34%). Respondents may have successfully 
multipUed the first two 10s and the last two 
10s together and then added the results to 
arrive at the 200 figure. 

Thirteen and 17 -year-olds were more likely to 
give 10 with some incorrect number of zeros 
as the answer (10% and 8%, respectively) 
although 8% of the 13-year-olds and 5% of 
the 17-year-olds gave Rome number involving 
4 (40, 400, etc.) as the solution. 

Four unreleased exercises were classified as 
computational multiplication. The first, 
C10026, was administered only to 9-year-olds 
and asked multiplication of a two-digit num- 
ber by a one-digit number with regrouping 
(carrying). This exercise was similar to Exer- 
cise RC02C. Thirty-five percent of the 9- 
year-olds were able to answer the problem 
correctly. 

Another similar exercise, C10031 , was admin- 
istered at all four age levels. Percentages of 
success were as follows: age 9, 29%; age 13, 
84%; age 17, 90%; and adult, 88%. Approxi- 
mately one fourth of the 9-year-olds replied 
♦•I don't know" to this problem. The largest 
number of errors at all four age levels were in 
the "other unacceptable" category, indicating 



that errors were other thar» those commonly 
associated with regrouping. 

Multiplication of a three-digit number by a 
three-digit number with regrouping was called 
for in Exercise C10032. An example of this 
type of problem would be 667 x 412. Four 
percent of the 9-year.olds arrived at the 
correct answer; 47% gave a response which 
was an obvious attempt to multiply each 
column separately. (Using the example shown 
above, this process would give an answer of 
20,614.) At the older age levels, 70% of the 
13.year.olds, 81% of the 17.year.olds and 
75% of the adults solved the problem cor- 
rectly. Approximately 6% of the 13-year-olds 
made errors in regrouping or subtotaling; this 
figure dropped to a little over 2% at ages 17 
and adult. 

Exercise C30010 concerned multiplication of 
decimals and was administered only to 13 and 
17.year.olds. The correct answer was given by 
48% of the 13.year.olds and 73% of the 
17.yearolds. Mistakes in decimal placement 
accounted for 26% of the incorrect answers at 
age 13 and for x6% of the errors at age 17. 



Summary of Multiplication Results 

Placing the results from the multiplication 
exercises side by side illustrates the general 
range of performance in multiplication exist, 
ing at the various age levels (Figure 1.3). It 
must be remembered that, due to the varying 
difficulty of the problems, the results cannot 
be combined to arrive at any kind of meaning- 
ful overall multiplication "score." 

E.esults were very similar at the three in- 
school age levels on the two exercises requir. 
ing multiplying a two-digit number by a 
one^iigit number with regrouping (RC02C 
and C10031). Results for 9.year.olds ranged 
from 25—35% correct on the three simpler 
multipUcation exercises (RC02C, C10026, 
C10031); only a small proportion of the 
9.year.olds could complete the more di^icult 
tasks. 
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FIGURE 1-3. Percentages of Success for Multiplication Exercises 
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As with subtraction, 13-year^ld results varied 
more widely than those of any other age 
group. There is a distinct improvement in 
several cases from age 13 to 17 (exponential 
multiplication, 13 percentage points; three- 
digit by three<ligit multiplication, 12 per- 
centage points; and decimal multiplication, 25 
percentage points) even though the basic 
computational operations have supposedly 



been mastered at age 13. However, these are 
all skills which are introduced in fourth 
through sixth grade, and 13-year-olds might 
well not be very famUiar with them. Multi- 
plication of two decimals, which was asked 
for in the decimal multiplication exercise, is 
not usuaUy taught until the sixth grade, and 
about one fourth of the 13-year-olds were 
beginning the seventh grade at the time of the 
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assessment. This may partially explain the 
large divergence in 13 and 17-year-old per- 
formance on the decimal multiplication 
exercise. 

Results for adults were very close to those for 
17-year-olds on C10031, apparently the 
easiest multiplication problem given at the 
three older ages. However, adults were 6—7 
percentage points below the 17-year-olds on 
the other two exercises which were admin- 
istered to them. 

The assessment results indicate that 10% of 
the nation's 17 -year-olds and adults cannot 
complete an elementary multiplication prob- 
lem with regrouping; approximately 30% of 
the 17-year-olds did not successfully solve a 
simple multiplication problem involving 
decimals. 



Division 

Division, the inverse of multiplication, is also 
generally taught in third and fourth grade 
although some of the underlying concepts 
may have been explored earlier. Thus, 9-year- 
olds would not be expected to have great skill 
in division, and indeed this was evidenced in 
the assessment results. 

The fourth part of Exercise RC02 was a 
division problem with a one-digit number as 
the divisor and no remainder (Table 9). 
Nine-year-olds were rather obviously at a loss 
as 38% answered "I don't know" and 11% 
gave no response. Very few at the other age 
levels did not respond or answered "I don't 
know"; even those who did not get the right 
answer attempted to solve the problem. 



TABLE 9. Exercise RC02D 

Divide: 

5|T2S~ Age 9 Age 13 Age 17 Adult 

25* 15% 89% 9i% 93% 

"Asterisk indicates correct answer. 



An unreleased division problem, C10076, was 
also one part of an exercise involving several 
operations— in this case, addition, subtraction 
and division. The exercise was administered 
individually at all four age levels and respon- 
dents' methods of working the problems were 
observed. The division problem asked the 
division of a five-digit number by a one-digit 
number with no remainder. Only 5% of the 
9-year-olds were able to solve this problem; 
however, 677o of the 13-year-olds, 78% of the 
17-year-olds and 77% of the adults found the 
correct solution. 

A more complex division problem, C10049, 
was administered at ages 13 and 17. This 
problem involved dividing a three-digit num- 
ber by a two-digit number, leaving no remain- 
der. At age 13, 66% correctly solved the 
problem, and the percentage increased to 85% 
at age 17. Approximately 26% of the 13-year- 
clds and 10% of the 17 -year-olds were in the 
"other unacceptable" category, and around 
5% of the 13-year-olds and 3% of the 17- 
year-olds simply answered "I don't know." 



Summary of Division Reiults 

Results on the three division exercises are 
compared in Figure 1-4. 

It seems that at least two thirds of the 
13-year-olds can do simple long-division prob- 
lems. Seventeen-year-olds appea-ed to be 
more influenced by the content of the prob- 
lems than 13-year-olds as their performance 
showed greater variation between Exercises 
C10076 and C10049. Seventeen-year-old and 
adult percentages of success on the two 
exercises administered to both groups were 
virtually identical. 



Combined' Results 

Two of the exercises discussed above included 
several parts, each demanding a different 
computational operation. Since all parts of 
these exercises were answered by one person, 
the results for the various parts can be 
combined and compared. 
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FIGURE 1>4. Percentages of Success for Division Exercises 
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Exercise RC02 involved four problems: one in 
addition, subtraction, multiplication and 
division. Three of the problems required some 
simple regrouping. The exercise and results 
for the four age levels are displayed in Table 
10. 



At age 9, 7% of the population answered all 
four parts correctly. Fifty Kjne percent of the 
9-year.old8 answered parts A and B (addition 
and subtraction) correctly, while 9% answered 
both parts C and D (multiplication and 
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TABLE 10. Exercise RC02 



A. Add: 

38 
*19 

57* 

B. Subtract: 

36 
•19 

17* 

C. Multiply: 

38 
x9 



Age 9 Age 13 

94% 



Age 17 

97% 



Adult 

97% 



55 



89 



92 



92 



342* 
D. Divide: 

5 \m 

2S* 

All four 

problems 

correct 



25 



83 



88 



81 



IS 



89 



68 



93 



78 



93 



72 



*Asterisk indicates correct answer. 



division) correctly. In comparison, at age 13, 
84% answered parts A and B correctly and 
76% answered parts C and D correctly; at age 
17, the figures were 89% for parts A and B 
and 85% for parts C and D. Eighty-nine 
percent of the adults answered parts A and B 
correctly and 78% answered parts C and D 
correctly. Performances on the various sec- 
tions of this exercise are further displayed in 
Table 11. 

The table shows that while 9-year-olds had 
the most difficulty with the division problem, 
the other three age groups found the multi- 
plication problem the hardest. Adults had 
greater trouble with the multiplication prob- 
lem than did 13 aiid 17-year-olds as indicated 
by the relatively large percentage of adults, 
13%, that successfully completed parts A, B 
andD. 



TABLE 11. Exercise RC02 
Age 9 Age 13 Age 17 



Respondents 
ans. ail 
four parts 
correctly 

Respondents 
ans. parts 
A.B.C co^ 
rectly-D 
incorrectly 

Respondents 
ans. parts 
A.B.D co^ 
rectly-C 
incorrectly 



1% 



78% 



Adult 



72% 



12 



10 



13 



About two thirds of the 13-year-olds and 
about three fourths of the 17-year-olds and 
adults answered all four problems correctly. 
Results on the individual problems were fairly 
high, but respondents had difficulty in com- 
pleting all four parts of the exercise success- 
fully. 

There were three parts in unreleased Exercise 
C10076-addition, subtraction and division. 
Results for the exercise are shown in Table 
12. 

Half of the 13-year-olds solved all three 
problems as did 63% of the 17-year-olds and 
69% of the adults. This is one exercise where 
adults show a higher percentage of success 
than 17-year-olds. Their higher overall per- 
formance on this exercise is due to their 
success with the subtraction problem, on 
which they performed nearly 7 percentage 
points above the 17 -year-olds. The subtrac- 
tion problem was a fairly difficult one as 
almost as many 13-year-olds and 17-year-olds 
solved only parts A and C (addition and 
division) as solved only parts A and B 
(addition and subtraction). 

Although percentages for the individual parts 
are reiasonably high, respondents again had 
difficulty in solving all parts correctly. 
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TABLE 12* Exorcise C10076 

Age 9 Age 13 Age 17 Adult 

Part A. Addition (four numbers of one 

and two digits) 72% gy^ 94% 9395, 

Part B. Subtraction (four-digit number 

minus three-digit number) 28 7 1 go 87 

Part C. Division (five-digit number 
divided by one-digit number 

with no remainder) s 57 7g 

Respondents getting all three parts 

^^"^^'^ 3 49 63 69 

Respondents getting none correct 24 3 3 2 

Derived values 
Respondents getting parts A and B 

correct, part C incorrect 21 IS 13 13 

Respondents getting parts A and C 

correct, part B incorrect 1 1 1 iq 5 

Respondents getting parts B and C 

correct, part A incorrect +• 4 3 3 

*Plus equals rounded percents less than one. 



Operations with Fractions 

Operations with fractions are usually intro- 
duced in the upper primary (intermediate) 
school grades. The concepts underlying opera- 
tions with fractions are the same as for whole 
numbers; often, however, operations with 
fractions require several steps and the steps 
must be completed in the proper sequence 
to obtain a correct answer. 



Renaming Fractions 

Exercise RAll asked the respondent to con- 
vert an improper fraction to a mixed number. 
The respondent had to know that fractions 
are renamed to an equivalent form by dividing 
the denominator into the numerator and then 
had to be able to complete the computation 
correctly. This particular exercise was pre- 
sented in a multiple-choice format; percent- 
ages of respondents choosing a foil 



(distractor) at each age level are shown beside 
the foils (see Table 13). 



TABLE 13. Exercise RAll 

Which one of the foUowtng equals 47^ ? 

S 



4i 

'■I- 
47-i- 



Age 9 


Age 13 


Age 17 


28% 


7% 


2% 


7 


65 


81 


11 


8 


4 


33 


14 


9 


31 


6 


3 


+• 


It 


I 



47 -i- T 

I don't 
know. 

No response 



*Plus equals rounded percents less than one. 

f Figures may not add to 100% due to rounding error. 
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About two thirds of the IS-year-olds and four 
fifths of the 17 -year-olds were able to rename 
this fraction. Nine-year-olds clearly did not 
have the skills to deal with this type of 
problem. About one third of them simply 
responded "I don't know." The rest tended to 
choose answers which included the numbers 
given in the problem. This probably accounts 
for the number of conect responses being 
even less than that to be expected by chance. 

The fourth foil, 47 ^ 1/5 was the most 
popular distractor at all ages. Many respon- 
dents appeared to have an idea that division 
was involved but were not sure how to carry 
through the operation. 



Addition of Fractions 

Addition of ftactions is a complex process 
requiring several computational steps. The 
least common multiple for the denominators 
must be determined, equivalent fractions 
found and the sum obtained. 

In Exercise RC15, 13-year-olds and 17-year- 
olds were asked to add two unit fractions 
(fractions with one as the numerator). The 
exercise and results are displayed in Table 14. 

Performance on this exercise was considerably 
lower than for the previous exercise (renam- 



ing a fraction). Forty-two percent of the 
13-year-old8 and 66% of the 17 -year-olds 
answered correctly. Thirty percent of the 
13-year-okis and 15% of the 17 -year-olds 
responded with 2/5, the fraction obtained by 
adding the numerators and denominators 
together without finding the least common 
multiple. Other frequent answers included 1/5 
(9% and 6%, respectively) and 2/6 or 1/3 (5% 
and 3%). 



Multiplication of Fractions 

The process for multiplying fractions is 
simpler than that for adding fractions as 
equivalent fractions do not have to be found. 
Thus, it is not surprising that the results were 
higher on an exercise asking the multiplica- 
tion of two-unit fractions (see Table 15) than 
on the previous addition problem. 



TABLE IS. Exercise RC16 
Do the following muUiplication: 
1/2 X 1/4 = 



Age 13 

1/8* 62% 
* Asterisk Indicates correct answer. 



Age 17 

74% 



TABLE 14. Exercise RCIS 



Do the following addition: 
1/2 + 1/3 » 



5/6* 

2/5 
1/5 

1/3 or 2/6 
1/6 

Other unacceptable 
I don't know or 
no response 

* Asterisk indicates correct answer. 



Age 13 


Age 17 


42% 


66% 


30 


16 


9 


6 


S 


3 


2 


1 


10 


6 


2 


2 



Over three fifths of the 13-year-olds and 
almost three fourths of the 17 -year-olds gave 
the appropriate response. The most common 
mistake was an answer of 2/4, 1/2 or 4/8 (8% 
and 6%) closely followed by 2/8 or 1/4 (7% 
and 5%). Three fourths and 1/6 were also 
given as answers by a small percentage at each 
age. 

Exercise C20006 asked for the multiplication 
of a whole number by a fraction. This 
exercise was administered to 9-year-olds as 
well as 13 and 17-year-old8. Percentages of 
success were 17% at age 9, 57% at age 13 and 
78% at age 17. 
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FIGURE l-S. Percentages of Success for Fractional Computation Exercises 




RC16 C20006 



Summary of Fractional Computation Results 

No definite pattern of ability in fractional 
computation emerges after consideration of 
the results of these exercises. Figure 1-5 
illustrates the range of success on these four 
exercises. Addition of fractions was the most 
difficult exercise for both 13 and 17-year- 



olds. Performance on the addition exercise 
did improve 24 percentage points from age 13 
to 17. Twenty percent more IS-year-olds and 
8% more 17-year-olds were able to solve the 
multiplication problem. 

Seven percent of the 9-year-olds could rename 
a given fraction; 17% of them correctly 
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multiplied a fraction by a whole number. 
Fewer IS-year-olds could multiply a fraction 
by a whole number than could multiply 
two-unit fractions; however, these results 
were reversed at age 17, with more 17-year- 
olds correctly multiplying a whole number by 
a flraction. Both 13 and 17-year-olds had the 
highest percentage of success on the exercise 
involving renaming of a fraction, 

Computation with integers 

In the upper primary grades, consideration of 
numbers and number systems is generally 
expanded to include the integers, or the set of 
positive and negative whole numbers. The 
number line is used to illustrate the conti- 
nuity of the number system and to extend 
the operations to integers. Several exercises 
in the mathematics assessment involved 
computation of positive and negative num- 
bers. 

Released Exercise RC24 had two parts: The 
first asked for the addition of two negative 
numbers and the second, for multiplication of 
two negative numbers. Results on the exercise 
are presented in Table 16. 

Over half of the 17-year-olds were able to 
complete both problems successfully while 
less than one quarter of the 13-yf ar-olds were 



TABLE 16. Exercise RC24 



B. 



(-5) + (-9) = 
-14* 

(-2)x(-3)» 
+6 or 6* 



Respondents 
answering 
both correct 

Respondents 
answering A 
correct and B 
incorrect 



Age 13 

66% 

39 
22 

44 



Age 17 

78% 

68 
58 

20 



^Asterisk indicates correct answer. 



able to do so. The majority of mistakes were 
made in determining the correct sign for the 
answer. For part A, 15% of the IS-year-olds 
and 10% of the 17-year-olds gave +14, 14 or 
--14 as their answer. Some respondents (10% 
at age 13 and 6% at age 17) attempted to use 
the difference between v,he two numbers, 
resultiiig in either +4 or -4. Difficulty with 
signs was much more pronounced on the 
multiplication problem with 48% of the 
IS-year-olds and 24% of the 17-year-olds 
giving a negative sign to their answer. Skill in 
using positive and negative signs does appear 
to increase with age since only about half as 
many 17-year-old8 as 13-year-olds used the 
wrong sign. 

Exercise RC25 also involved the addition and 
multiplication of integers; however, the exer- 
cise asked for completion of a statement of a 
general rule and did not use numerical values. 
The exercise and results are presented in 
Table 17. 

Half of the 17-year-olds gave the correct 
answer to both parts of this exercise while 
only one fourth of the 13-year-olds success- 
fully completed both parts. Percentages of 
correct responses on this exercise are consid- 
erably lower for the addition problem than 
for the addition part of the integer computa- 
tion problem (RC24) discussed previously; 
correct responses on the multiplication 
problems in the two exercises are fairly close. 

Several unreleased exercises also measured 
skill with operations on integers. The first 
exercise, B13002, was administered to 9, 13 
and 17 -year-olds and simply asked the respon- 
dent to add a positive and a negative number 
together. Results were near those for the first 
integer addition exercise, RC24A-(-6) + 
(-9)— at age 13 and higher at age 17. Fourteen 
percent of the 9-year-olds, 63% of the 13- 
year-olds and 84% of the 17-year-olds gave 
the correct answer. Over one fourth (29%) of 
the 9-year-olds added the two numbers to- 
gether and put a sign, either positive or 
negative, with the resulting sum. This error 
was made by 14% of the 13-year-olds and 8% 
of the 17-year-old8. 
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TABLE 17. Exercise RC2S 

A. If X and Y are negative 

numbers, tiien X Y Age 13 

is negative. 47% 

is positive. 1 9 

C~'^ may be eitiier positive 
or negative depending 
on what X and Y are. 30 

I don*t linow. 3 . 

No response { 

If X and Y are both 
negative numbers, 
then X X Y 

is negative. 29 

is positive. 39 

CT^ tnay be either positive 
or negative depending 
upon the size of X 
and Y. 22 

I don*t know. g 

No response 2 

Respondents getting both 

parts correct 24 




Age 17 

64% 
16 

19 
2 

+♦ 



19 
64 

11 
6 

+t 
51 



* Figures may not add to 100% due to rounding error. 
fPlus equals rounded percents less than one. 



A second exercise, A22010, demanded com- 
pletion of two operations with integers, addi- 
tion and multiplication, and was set up in the 
following way: x(-x) + y. Numerical values 
were used in the actual exercise. Twenty-two 
percent of the 13-year-olds (the only age 
group to which this exercise wa? adminis- 
tered) successfully completed the problem. 
This figure is lower than that for RC24B— (-2) 
X (-3)-by 17 percentage points. The combina- 
tion of two operations in one problem and 
the use of brackets to indicate multiplication 
may have influenced the results. 



Summary of Skill with Integer Computation 

On the integer computation exercises, ihe 
percentages of correct responses were some- 
what lower than for most other "pure" 
computation exercises. As the actual compu- 
tations required in the integer exercises were 
not difficult— only one-digit numbers were 
used making regrouping unnecessary- 
students evidently lacked familiarity with the 
concepts involved in computing with integers. 

Multiplication with negative numbers was 
more difficult than addition with negative 
numbers. Respondents did less well, in most 
cases, on those examples calling for generali- 
zation of symbols rather than manipulation of 
numbers. 

A summary of results on these exercises is 
shown in Figure 1-6. 
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FIGURE 1-6. Percentages of Success for Integer Computation Exercises 
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CHAPTER 2 



COMPUTATION WITH TRANSLATION 



Computation is, of course, an essential part of 
problem solving. However, computation 
rarely ever exists in a vacuum. It is of little 
value to be able to compute correctly if one 
cannot determine the operation needed in the 
first place. Similarly, one cannot solve prob- 
lems without a firm foundation in the compu- 
tation processes and number facts. 

Situations calling for mathematical solutions, 
whether encountered in the classroom or in 
everyday life, are generally presented in a 
verbal form. One must then be able to 
translate from verbal to mathematical lan- 
guage in order to complete the necessary 
computations. The exercises presented in this 
chapter are concerned mainly with the pro- 
cess of translation. The computations to be 
done after the problem has been structured 
are, for the most part, not difficult ones. 

Problem-solving skills are introduced almost 
simultaneously with computation skills in the 
usual mathematics curriculum, and practice in 
both areas continues throughout the primary 
grades. 

The first group of exercises discussed in this 
chapter was designed primarily for 9-year-olds 
although some of the exercises were also 
adniinistered at age 13. These exercises give 
an indication of abilities on elementary -level 
translation problems. The more complex exer- 
cises, requiring more difficult computations 
and/or more involved translations, were 
administered to the older age levels and are 
considered in a later section. 



Elementary Translation 

The elementary translation exercises covered 
three operations-subtraction, multiplication 
and division. The first group of exercises 
considered was administered only to 9-year- 
olds. Results on these exercises were high in 
comparison with the results on the pure 
computation exercises; however, the compu- 
tations required were not as difficult. Percent- 
ages of success were widely varied on these 
exercises, ranging from 76% to 36%. The 
highest percentage of success was on a 
subtraction problem; the lowest, on a division 
problem. 

Seventy -six percent of the 9-yeaii-old8 re- 
sponded correctly to Exercise CI 0016, an 
elementary problem requiring subtraction of a 
two-digit number from a two-digit number 
with no regrouping. Of this number, less than 
1% set up the i)roblem correctly and then 
failed to find the right answer. Approximately 
5% of the respondents made some attempt to 
add the two numbers given together and 
another 5% answered "I don't know." 

Two exercises assessed 9-year-old multiplica- 
tion skills. The first was Exercise RC06 (see 
Table 18). The respondent first had to deter- 
mine that multiplication was the operation to 
use and then had to multiply 7x3 correctly. 
A very small percentage of the 9-year-olds, 
less than 1%, wrote the proper method of 
solution and failed to multiply correctly. 
Attempts to add or subtract the two numbers 
were each made by 2% of the respondents. 
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Three and 7 were chosen as answers by 2% 
and 7%, respectively. A large percentage of 
the mistakes, 24%, were in the "other unac- 
ceptable" category. 



TABLE 18. Exercise RC06 

An astronaut is to orbit the earth in a space cap- 
sule for seven days. If he drinks three pints of 
water each day, how many pints of drinking water 
wiU be needed for the trip? 

Age 9 

Respondents answering 21 

or 21 pints* ^6^* 
* Asterisk indicates correct answer. 



Nine-year-olds showed a higher percentage of 
success (69%) on an unreleased problem, 
C10028, requiring translation and multiplica- 
tion. Of this number, however, 21% neglected 
to include the units (dollars and cents in this 
case) and 2% included units but identified 
them incorrectly. The computation required 
in this instance was multiplication of a two- 
digit number by a one-digit number with 
regrouping. Theoretically, this computation 
should be more difficult than that asked for 
in Exercise RC06, but 9-year-olds were more 
likely to succeed with it. There are several 
possible reasons for this difference. Some 
number combinations may be inherently 
more difficult to learn than others. The 
method of stating a problem and the content 
of a problem may affect interest in the 
problem and likewise ability to solve it. For 
example, students may have been frightened 
or confused by the word astronaut in problem 
RC06. 

Two simple division problems, one released 
and one unreleased, were also administered to 
only 9-year-okis. See Table 19 for results. 
Four percent attempted to add 2 and 24, 4% 
subtracted 2 from 24 and 8% used multipli- 
cation of 2 and 24 to arrive at their answer. 



TABLE 19. Exercise RC07 

Betty's dog eats two biscuits every day. How many 
days will it take the dog to finish a package of 24 
biscuits? 

Age 9 

Respondents answering 12 

or 12 days* -^6% 

Respondents answering 1 2 
with wrong unlts-e.g., 

biscuits ^ 

Respondents who set up 
problem conectly-no 

or wrong answer "^t 

^Asterisk indicates correct answer. 

fPlus equals rounded percents less than one. 



The iinreleased exercise, C10044, required 
division of a two-digit number by a one-digit 
number. The problem was similar to RC07. 
On this exercise, 58% of the 9-year-olds 
assessed gave the correct response. Under 1% 
successfully wrote down the problem and 
failed to arrive at the right answer. Around 
2% attempted addition, subtraction and mul- 
tiplication, respectively. A larger portion of 
the lesponses to the first exercise, RC07, were 
in the "I don't know" category, 18% as 
opposed to 7% on C10044. 

It is difficult to account for the 20 percentage 
point difference in performance on these two 
exercises. Again, the number combinations 
used (CI 0044 involved a number fact which 
wouM have been memorized; RC07 did not) 
or the statement of the problem may be 
determining factors. Students do not perform 
tasks in isolation; it is evident that ability in 
one situation does not necessarily carry over 
into another slightly different situation. 

Three translation problems assessing ability 
with more complex computations were 
administered to both 9* and 13-year-olds. Two 
problems involved subtraction with regroup- 
ing; the third required the use of both 
addition and subtraction. 
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TABLE 20. Exercise RC03 

A rocket was directed at a target S2S miles south of 
its launching point. It landed 624 miles south of 
the launching point. By how many miles did it mfes 
its target? 

Age 9 Age 13 

99 or 99 miles* 22% 72% 

Respondents with correct 

equation and/or operation 

with wrong or no numerical 

answer 10 9 

* Asterisk indicates correct answer. 



On Exercise RC03 (Table 20) the respon* 
dent must first "translate" the problem into 
a number sentence: 525 N " 624 or 
624 - 525 = N. Then the computation 
must be completed. An answer of 101 was a 
frequent error-made by 14% of the 9-year- 
olds and 5% of the 13-year-olds. Subtraction 
reversal, subtracting the smaller number 
from the larger number regardless of posi- 
tion in the problem, appears to be a fairly 
common tendency among 9-year-olds. From 
10 to 20% of the 9-year-old respondents 
madp this type of mistake on the subtrac- 
tion exercises discussed in the first chapter. 
Some attempt to add the two numbers given 
was made by 8% of the 9-year-olds and 4% 
of the 13-year-olds. Nearly 15% of the 
9-year-olds did not feel sure enough of 
themselves to try this problem and simply 
wrote "I don't know." 

The second problem (Exercise C10022) in- 
volved the same subtraction operation as in 
RC03 above: subtraction of a three-digit 
number from a three-digit number with re- 
grouping in two places. The statement of the 
problem was also similar to that of the first 
exercise. Both age levels were more success- 
ful on the second problem with 34% of the 
9-year-olds finding the right answer and an 
additional 7% setting up the problem cor- 
rectly and 80% of the 13-year-olds solving the 
problem and another 6% translating the prob- 
lem accurately. About 7% of the 9-year-olds 
gave an answer which implied reversed sub- 



traction and 4% of the 9-year-olds attempted 
to add the two numbers together. Under 1% 
of the 13.y?ar-olds made either of these 
errors. 

Comparing these two subtraction exercises, 
we find that approximately 22% of the 
9-year-olds successfully solved the first 
problem and 34%, the second— a 12 percent- 
age point difference. There was an 8 percent- 
age point difference at age 13, with 72% 
correctly answering the first problem and 80% 
the second. 

In reviewing the subtraction results from the 
first chapter, we can see that 9-year-old 
results for subtraction with regrouping in 
more than one place did not go over 30%; 
thus, the results for subtraction word-problem 
solving at age 9 were fairly similar to those for 
the "pure" computation subtraction exer- 
cises. Similarly, results for "pure" subtraction 
computation at age 13 ranged from 70 to 80% 
which was quite close to the results on the 
subtraction word problems presented. 

A slightly more complex problem asked the 9 
and 13-year-old respondents to complete a 
translation in which two operations were 
required. The respondents had to both add 
and subtract, although the process they used 
to arrive at the solution could vary. The 
problem and results are displayed in Table 21. 

This exercise could be viewed as a trick 
question since the natural assumption on 
seeing the few numbers lined up next to one 
another is to add them all together. However, 
it can be argued that even at the 9-year-old 
level, students should begin learning that 
careful reading and attention to detail are 
essential elements of mathematics. 

Approximately 3 in 20 9-year.olds gave the 
right answer while 12 in 20 of the 13.year- 
olds responded correctly. An additional 4% of 
the 9-year-okls and 6% of the 13-year-olds 
structured the problem correctly using one of 
the two possible methods, but failed to find 
the proper solution. It is evident that 9-year- 
olds were confused by this exercise as 50% of 
their responses were in the "other unaccept- 
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TABLE 21, Exercise RCll 

Marie took four spelling tests. Each test had 30 
words. On the four tests she spelled correctly the 
following number of words: 

25, 23, 27, and 24, 

Altogether, how many words did she MISS on all four 
tests? 



Age 9 Age 13 



21 or 21 words* 

Correct process, wrong or 
cio answer 

99 or 99 words (attempted 
to add 25, 23,27,24) 

4 or 4 words 

Other unacceptable 

1 don*t know 

No response 



* Asterisk indicates correct answer 

f Figures may not add to 100% due to rounding error. 



able" category and 18% of their answers were 
**I don't know/* This is not to say that 
9*year*olds cannot solve two-step translation 
problems. The statement of this problem, 
however, and the way that it was presented 
probably contributed to the low performance. 



16% 


60% 


4 


6 


9 


10 


2 


1 


SO 


18 


18 


4 


2t 


2t 



.'hirteen-year-old performance on this exer- 
cise is also lower than for the other elemen- 
tary translation exercises. 



Summary of Results for Elementary 
Translation 

Figure 2-1 shows the results on the elemen- 
tary translation problems for 9-year-olds. 
Nine-year-olds exhibited a wide range of 
ability in solving these problems. They were 
most successful on the problem requiring 
simple subtraction and least successful with 
the division exercise. A very small percentage 
of the 9-year-olds wrote the proper mathe- 
matical expression and then failed to find the 
answer on these problems, indicating that if 
they had the skills to write down the problem 
correctly, they also had the computational 
ability to solve it. 

On the exercises administered to both 9 and 
13-year-olds (shown in Figure 2-2), the 13- 
year-olds were vastly superior with results 
from 44 to 50 percentage points above those 
of the 9-year-olds. Nine-year-olds had more 
difficulty in completing the computations on 
these exercises; from 4 to 10% of the 9-year- 
old respondents wrote down the correct 
method for solving the problem but failed to 
give the right answer. Six to 9% of the 
13-year-olds expressed these problems cor- 
rectly but gave an incorrect answer. 
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FIGURE 2-1. Percentages of Success for Simple Tran8lation-9.Year-OId Exercises 
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FIGURE 2-2. Percentages of Success for Simple Translatlon-9 and U-Year-Old Exercises 




More Complex Translations 



TABLE 23. Exercise RC13 



Some of the elementary translations were 
administered to the 13-year-old respondents 
as well as the 9-year-olds. In the problems 
presented in the following section, the com- 
putations were slightly more difficult than 
those discussed above, and the content of the 
problems was designed to be more appealing 
to an older audience. 

Exercise RC12 required multiplication and 
was administered only at the two upper age 
levels (Table 22). 



TABLE 22. Exercise RC12 

A sports car owner says that he gets 22 miles per 
gallon of gasoline. How many miles could he go on 
seven gallons of gasoline? 



if John drives at an average speed of SO miles an 
hour, how many hours will it take him to drive 275 
miles? 



5'/2, 5 hrs. 
30 min., 5 '/a 
hrs., 5.5, 
etc.* 



Age 9 Age 13 Age 17 Adult 



6% 33% 64% 67% 



Wrote down 
problem 
right, no 
or incor- 
rect answer 1 15 13 

Answering 
5 and 25, 5 

hrs. and 25 1 1 1 4 

* Asterisk indicates correct answer. 
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Age 17 Adult 

154 or 154 miles* 89% 90% 

Respondents setting up 
problem correctly but 

giving wrong answer 1 1 

* Asterisk indicates correct answer. 



This was a relatively simple problem in 
which the respondent multiplied 22 x 7 to 
find the answer. Although the computation 
required one regrouping, it was not difficult. 
Both 17-year-olds and adults performed well 
on this exercise with only about 10% at 
each age level unable to complete it cor- 
rectly. 

Exercise RC13 also was concerned with cars 
(Table 23). Here the respondents had to 
divide to decide the time required to cover a 
certain distance. This exercise was adminis- 
tered at age 9 as well as to the three older 
ages; as might be expected, the 9-year-old 
percentage of success was not high. A larger 
number of IS-year-olds are still having prob- 
lems with division, as judging from the num- 
ber who set up the problem and did not solve 
it. Some of the 13-year-olds probably had 



difficulty with the concept of hours and 
minutes as they did not appear to be sure 
what to do with the remainder. Although 18% 
of the 9-year-olds tried to either add or 
subtract the two numbers, the majority of the 
9-year-old mistakes (42%) fell into the "other 
unacceptable" category. Errors at the upper 
age levels also tended to be in the "other" 
category, although 6% of the 13-year-old8 
attempted to add or subtract the two num- 
bers while 7% of the 13-year-olds made a try 
at multiplying them together. 

Percentages of respondents finding the correct 
answer were lower on Exercise RCIO, shown 
in Table 24. If we think of the situation as 
being 9 times as much snow as rain, the 
number sentence becomes 9 x N = 1,602 or 
1,602 •5- 9 = N. Approximately 44% of the 
13-year-olds, 70% of the 17-year-olds and 
72% of the adults were able to determine the 
appropriate operation, although only 31%, 
53% and 58%, respectively, of these age 
groups were then able to complete the 
operation properly. An error made by about 
5% of the 13-year-olds and 17-year-olds was 
attempting to multiply the numbers; the 
frequency of this error dropped to about 4% 
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TABLE 24. Exercise RCIO 

Weathermen estimate that the amount of water in nine 
inches of snow is the same as one inch of rainfall. 
A certain Arctic island has an annual snowfall of 
1,602 inches. Its annual snowfall is the same as an 
annual rainfall of how many inches? 

Age 13 Age 17 Adult 

178 or 178 inches* 31% 53% 58% 

Attempted at solu- 
tion by division- 
wrong or no answer 14 19 15 

*Asterisk indicates correct answer. 



at adult. Twenty-three percent of the 
13-year-olds, 11% of the 17-year-olds and 
15% of the adults responded "I don't know" 
to this exercise. 

Several other problems involving translation 
from verbal to mathematical forms were 
assessed. One of these, RC19, could be solved 
by setting up a proportion (Table 26). Two 
steps would then be needed to solve the 
proportion. This exercise was administered 
only to 17-year-olds and adults. There was a 
10 percentage point jump in performance 
from age 17 to adult. This is quite unusual 
since adults tend to perform at ibout the 
17-yeai-old level or below it on the other 
computation exercises. Slightly more adults 
than 17 -year-olds answered "I don't know"— 
6% at age 17 compared to 9% at adult. 



TABLE 25. Exercise RC19 

If there are 300 calories in nine ounces of a 
certain food, how many calories are there in a three 
ounce portion of that food? 

Age 17 Adult 
100 or 100 calories* 70% 80% 

Right process, wrong answer 3 2 

* Asterisk indicates correct answer. 



An unreleased exercise (C10051) also in- 
volved proportion, in this case, determining 
what constituted a simple plurality using the 
numbers given. Percentages of success on this 
exercise were as follows: at age 13, 39%; at 
age 17, 64%. The most common error was in 
assuming that 51% was needed to obtain a 
plurality (14% for 13-year-old8, 10% for 
17 -year-olds). This exercise did not demand a 
great deal of computation but mainly an 
understanding of the proportion concepts 
involved and of the terminology used. Thus it 
is not really possible, to tell from the scoring 
categories whether the respondent lacked the 
basic concepts or whether his computational 
skills were at fault. 

Exercise RC08, administered at iue three 
upper age levels, asked for the difference 
between a negative number and a positive 
number (shown in Table 26). This problem 
was put in a familiar context, that of 
temperatures above and below zero. Although 
it was certainly possible to complete this 
problem without formal knowledge of the 
operations on positive and negative numbers, 
some concept of the number line, as 
represented on the thermometer, was needed. 



TABLE 26. Exercise RC08 

The air temperature on the ground is 31 degrees. 
On top of a nearby mountain, the temperature is -7 
degrees. How many degrees difference is there 
between these two temperatures? 





Age 13 


Age 17 


Adult 


-38, 38 or 38"* 


39% 


65% 


67% 


24, 24^-24 01-24" 


33 


21 


17 


39 


1 


2 


2 


Other 


17 


10 


iO 


I don't know 


4 


3 


4 


No response 


7 


+t 


+•• 



^Asterisk indicates correct answer, 

f Figures may not add to 100% due to rounding error, 

**Plus equals rounded percents less than one. 
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Over one third of the 13.y ear-olds answered 
this problem correctly; however, another 
third of the IS-year-olds evidently interpreted 
difference to mean subtraction of the num- 
bers provided without regard to the signs of 
the numbers. Approximately two thirds of 
the 17-year-olds and adults vere able to give 
the correct solution, a 100% improvement 
over the 13-year-old results. Thirteen-year- 
olds were more successful with the problems 
on adding two negative numbers described in 
the first chapter (RC24A, 66%; B13002, 
63%). 



Summary of Results of More 
Complex Translations 

One striking fact from these exercises was 
that in all of the five exercises administered to 
both 17-year-olds and adults, the adults did as 
well or better than the 17-year-olds. Results 
for the more complex translation exercises are 
displayed in Figure 2-3. 



As might be expected, the percentages ate 
lower on most of the translation exercises fot 
each age level. The exercises used to measure 
the two skills, pure computation and compu* 
tation with translation, are not directly com* 
parable as the exercises vary in degree of 
computational ability required as well as in 
context of problems. Consequently, compari- 
sons between these two areas should be made 
very carefully, if at all. 



Operations with Fractions 

Operations with fractions were also included 
in the translation exercises. The first of these 
was administered only at age 9 (Table 27). 
This problem involved more than one opera- 
tion: The 9-year-olds had to determine that 
there were eight dots in the box, then had to 
take one fourth of eight (1/4 x 8) and finally 
had to subtract the number obtained from the 
total eight dots. 



Performances were higher for adults on two 
exercises and the two groups performed at 
about the same level on the remaining three 
exercises. In comparison, there was only one 
exercise in pure computation on which the 
adults performed significantly better than 
17 -year-olds. For other pure computation 
problems administered to 17 -year-olds and 
adults, on seven exercises the two groups were 
within 1 percentage point of each other and 
on four exercises adult performance was 
below that of the 17-year-olds. 

There was a fairly consistent increase in 
ability to solve word problems from ages 13 
to 17. For three of the exercises, RCIO 
(snowfall, rainfall, 1,602 -5- 9), C10051 (per- 
centage problem) and RC08 (temperature 
difference), the difference in performance at 
the two age levels was from 21 to 26 
percentage points. On one exercise, RC13 
(gasoline mileage, 275 -5- 50), 31 percentage 
points separated the two groups. 

How do the above results compare with those 
given for "pure computation" in Chapter 1? 



TABLE 27. Exercise RCI4 

"o o o o" 
0 o o o 

If one fourth of the dots on the above figure are 
removed, how many dots will be left? 

Age 9 

6 or 6 dots* 21% 
3/4 1 

4, 4 units (dots, circles, etc.) or 

1/2, 1/2 units 48t 

* Asterisk indicates correct answer. 
fPercentages do not total 100% as all response 
categories are not shown. 



Answers of either 6 or 3/4, with or without 
units (dots, circles, etc.), were counted as 
correct. A large group of the 9-year-olds, 
almost 50%, gave an answer of 4, 4 units or 
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FIGURE 2-3. Percentages of Success for Complex Translation Exercises 
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1/2, 1/2 units. Approximately 3% of the 
9-year-olds responded with 2, 2 units, 1/4 or 
1/4 units. 

Another exercise (C20001) given at ages 9, 13 
and 17 required adding fractions that were 



shown in pictorial form. Results showed a 
definite improvement as the age of the re- 
spondents increased. While only 14% of the 
9-year-olds successfully completed the exer- 
cise, over two thirds (69%) of the 13-year-olds 
and over four fifths of the 17-year-olds (84%) 
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translated the exercise into mathematical 
terms and performed the computation cor- 
rectly. Adding numerators and denominators 
without finding a common multiple was a 
popular technique at age 9 with 9% 
answering in this manner. The percentage 
using this method dropped to 5% at age 13 
and 1% at age 17. A large number of errors 
were categorized as "other unacceptable" at 
all age levels. Thirteen-year-olds and 17- 
year-olds were more willing to attempt the 
problem than 9-year-olds since nearly 20% 
of the 9-year-olds responded "I don't 
know." Less than 2% of the 13 and 
17-year-olds stated that they did not know 
the answer. 

The results on this exercise for 13 and 
17-year-olds are much higher than for Exer- 
cise RC15 involving the addition of 1/2 and 
1/3 as discussed in Chapter 1. On Exercise 
RC15, approximately 42% of the 13-year-olds 
and 66% of the 17-year-olds gave the right 
answer as compared to 69% and 84%, respec- 
tively, on C20001. This is a 27 percentage 
point difference at age 13 and an 18 point 
difference at age 17. There are several possible 
explanations for these differences. The 
computational problem with no translation 
involved only unit fractions (fractions with 
one in the numerator) while the translation 
problem had different numbers in the numer- 
ators and denominators. The pictorial repre- 
sentation in the unreleased exercise may have 
been a major factor, allowing respondents to 
visualize the problem and estimate a reason- 
able solution. 



TABLE 28. Exercise RC21 

John has 382 stamps in his stamp collection, Greg 
has 224, Pete has 310 and Bob has 17S. The number 
of stamps the boys have altogether is CLOSEST to 
which one of the following numbers? 

Age 9 

O 900 j8% 
CZ!> 1,000 24 
• 1,100 3, 
CD 1,200 22 
CD I don't know. c 
No response « 
*Plu5 equals rounded percents less than one. 



The problem displayed in Table 28, requiring 
adding and approximation, was given only to 
9-year-olds. This exercise was administered in 
a multiple-choice format so it was not possi- 
ble to determine the method used to work the 
problem. Some of the respondents may have 
carefully added the numbers given and then 
rounded their answer while others may have 
rounded the numbers given before attempting 
to add. At any rate, the number of respon- 
dents giving the correct answer is not much 
larger than that which would be expected by 
chance. In fact the responses are fairly evenly 
distributed across the four foils (distractors) 
which seems to indicate that the chance 
factor is fairly strong. 



Approximation 

Approximation is an important element in 
computational skill. It is a means of quickly 
estimating whether an answer is reasonable 
and also is essential in mental arithmetic. The 
advent of computers and hand calculators will 
not eliminate the need for skill in approxima- 
tion. The computer operator needs some idea 
of whether the computer's answer is reason- 
able; the average citizen may not have a 
calculator available for simple transactions. 



A similar exercise (RC23) was administered to 
17-year-olds and adults. The numerical values 
were larger and the context of the question 
was intended to be more relevant to the 
concerns of the older age groups. Here respon- 
dents filled in their own answer rather than 
making a choice among several alternatives 
(Table 29). 

If the two acceptable categories are added 
together, and given the wording of the prob- 
lem it is appropriate that they should be, the 
adults outperformed the 17-year-olds by 10 
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TABLE 29. Exercise RC23 

In one year, a government department spent the fol- 
lowing sums on four projects: 

Project A: $11,954,164 

Projects: 1,126,055 

Project C: 4,170,522 

Project D: 750,572 

Approximately how many MILLIONS of dollars were 
spent on these four projects? Give your answer to 
the nearest MILLION dollars. 

Age 17 Adult 

48% 44% 
5 18 



18 with some indication of 
million 

18 only no units indicated 

Total of above two cate- 
£..>rics 



53 



63^ 



^Percentages Jo not total 100% as all response 
categories are not shown. 



percentage points. A number of the respon- 
dents evidently misunderstood the directions 
and gave the exact sum of the numbers shown 
rather than round their answer to the nearest 
million-13% of the 17-year-olds and 11% of 
the adults made this mistake. Another 
frequently scored response was 17 or 
17,000,000; this answer was given by 1% of 
the 17 -year-olds and 6% of the adults. 
Approximately 15% of the 17-year-old re- 
sponses and 12% of the adult responses were 
scored in the "other unacceptable" category. 

The percentages of acceptable responses on 
this exercise are below those for most other 
exercises in this report. They are lower for age 
17 and adult results than on any of the "pure 
computational" exercises. The only results 
which approach them at these age levels are 
the exercises involving translation with long 
division (RClO-snowfall to rain) and with 
negative numbers (RC08-temperature). It 
seems that approximating the sum of large 
numbers is a difficult task which perhaps 
deserves more emphasis in the school cur- 
riculum. 
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CHAPTERS 
SUMMARY OF GROUP RESULTS 



The preceding chapters described the per- 
formance of the nation as a whole for each of 
the four age levels. National Assessment 
(NAEP) also reports results for the following 
groups within the American population: 
region of the country, sex, race, level of 
parental education and size and type of 
community (STOC). The differences in 
achievement among these groups provide an 
indication of areas of strength and weakness 
in American education. 



Nine- Year-Olds: Third Grade vs. Fourth Grade 

For the mathematics assessment, in addition 
to the groups listed above, the differences in 
performance between 9-year-olds in the third 
grade and in the fourth grade were studied. In 
the elementary mathematics curriculum, each 
new step depends upon the skills learned 
previously. A similar developmental sequence 
is followed in schools throughout the United 
States, so one would expect third graders in 
New York to have encountered approxi- 
mately the same material as third graders in 
California. This is much more true in mathe- 
matics than in learning areas such as social 
studies and language arts. The distinct grade- 
to-grade progression in mathematics thus 
makes it reasonable to consider differences in 
performance between the third and fourth 
grade. By age 13, most of the computational 
skills discussed in this report should have been 
mastered, and significant differences in 13- 
year-old grade-level performance would not 
be anticipated. 

Multiplication and division are generally intro- 
duced in the third and fourth grades; there- 
fore, differences in ability in these two skills 



at the two grade levels would be expected. 
Practice in addition and subtraction with 
regrouping continues during these grades; one 
would expect proficiency on simpler prob- 
lems at both grade levels with the third 
graders less adept at problems demanding 
more extensive regrouping. 

For the 9-year-olds, only those students born 
between January 1, and December 31, 1963, 
were assessed so the chronological age range 
of both the third and fourth graders was 
within one year. Approximately three fourths 
of the 9-year-olds were in the fourth grade 
and one fourth in the third grade. The 
9-year-old assessment took place in January 
and February when students were about 
halfway through the year's course work. 

Figure 3-1 provides a summary of results for 
third and fourth graders on all 9-year-old 
exercises discussed in this report. The graphs 
indicate the difference in achievement levels 
between third- or fourth-grade students and 
9-year-olds nationally. 

The horizontal line represents the national 
level of success for each exercise. Each square 
stands for one exercise; the distance from the 
horizontal line is the difference between 
group and national performance on an exer- 
cise. At the fourth-grade level, this difference 
was similar for a number of exercises so that 
the squares are quite close to one another. 
Differences from national performance were 
more dissimilar at the third-grade level and 
thus the squares have a wider spread. The 
arrow on each graph indicates the median 
group difference, that is, the midpoint in the 
particular distribution shown. 
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FIGURE 3-1. Differences from National Performance 
Levels: Third and Fourth Grades 
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The difference from the national percentage 
of success ranged from 1 to 28 percentage 
points below the national level for third 
graders. For fourth graders, no results fell 
below the national levels. The median differ- 
ence for the third graders was -17.4; for the 
fourth graders, ->-6.6. 



How do these summaries relate to results on 
specific exercises? Two examples are shown in 
Table 30. 

For the addition problem with regrouping, a 
skill which most third graders would have 
been exposed to, 62% of.the third graders and 
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TABLE 30. Exercises RC02A and RC06 
Exercise RC02A . 
Add: 
38 

(57) National 79% 

Third 62 (-17)* 

Fourtii 86 (+7) 



Exercise RC06 

An astronaut is to orbit the earth in a space cap- 
sule for seven days. If he drinks three pints of 
water each day, how many pints of driniting water 
will be needed for the trip? (21) 

National 46% 

Third 21 (-25)* 

Fourth 55 (+9) 

^Asterisk indicates the difference from the national 
percentage. 



86% of the fourth graders responded correct- 
ly. The word problem requiring knowledge of 
a multiplication fact was much more difficult 
for third graders than for fourth graders. Only 
21% of the third graders, compared to 55% of 
the fourth graders, solved this problem cor- 
rectly. 

A closer investigation of results provides an 
indication of types of errors which third 
graders made more often than fourth graders. 
Third graders have slightly more difficulty 
with regrouping in addition. Around 5% more 
third graders made this error on one exercise 
(RC02A) and 1% more on another (C10009). 
They also showed a greater tendency toward 
subtraction reversal— subtracting the smaller 
number from the larger number regardless of 
position in the problem. In an exercise requir- 
ing subtraction with one-place regrouping 
(RC02B), 18% of all 9-year-oIds made a 
subtraction reversal while 27% of the third 



graders did so. On another, more difficult, 
subtraction problem (CI 0019), 22% of all 
9-yoar.old8 and 26% of the third graders made 
a reversal error. In two subtraction word 
problems given to 9-year-oIds (RC03 and 
CI 0022), grade level did not make a large 
difference in the number of subtraction rever- 
sal errors. If third graders failed to solve the 
problem, their answers were more likely to be 
scored as "no response," "I don't know" or 
"other unacceptable." 

The error patterns at the two grade levels 
were not significantly different on the multi- 
plication and division problems. Third-grade 
responses again were more likely to fall into 
the "no response," "I don't know" and 
"other unacceptable" categories. 

The summary results indicate that there is a 
large increase in learning and ability in the 
interval between third and fourth grade. The 
difference in results was greatest on addition 
and subtraction items requiring regrouping 
and on the multiplication problems with 
simple regrouping. Subtraction reversal errors 
decreased somewhat by the fourth grade; 
however, identifiable regrouping errors in 
subtraction and multiplication became more 
prevalent at the higher grade level. 

It is evident that formal education makes a 
great impact in the area of mathematics. 
Questions remaining to be answered are 
whether teaching of some mathematics skills 
should be moved into lower grades and 
whether higher degrees of mastery than have 
been reported here would be desirable for 
fourth graders. The elementary mathematics 
programs in American schools appear to have 
been effective; however, continued research 
may provide data which can be used to make 
these programs even more effective in the 
futuro. 



National Assessment Reporting Groups 

The National Assessment reporting groups are 
defined as follows: 
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east. The states that are included in each 
region are shown in Exhibit 1. 

Parental Education 

Four categories of parental education are 
defined by the Assessment. These categories 
include (1) those whose parents have had no 
high school education, (2) those who have at 
least one parent with some high school 
education, (3) those who have at least one 
parent who graduated from high school and 
(4) those who have at least one parent who 
has had some post high school education. 



EXHIBIT 1 . National Assessment Geographic Regions 




Stx 

Results are presented for males and females. 
Race 

Currently, results are reported for Blacks and 
Whites. 

R«gion 

The country has been divided into four 
regions-Southeast, West, Central and North- 
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Size and Type of Community (STOC) 

Community types are identified both by the 
size of the community and by the type of 
employment of the majority of people in the 
community. 

High metro. Areas in cities with a population 
greater than 150,000 where a high proportion 
of the residents are in professional or mana- 
gerial positions. 

Low metro. Areas in cities with a population 
greater than 150,000 where a high proportion 
of the residents are on welfare or are not 
regularly employed. 

Extreme rural. Communities with a popula- 
tion under 3,500 where most of the residents 
are farmers or farm workers. 

Urban fringe. Communities within the metro- 
poUtan area of a city with a population 
greater than 200,000, outside the city limits 
and not in the high or low metro groups. 

Main big city. Communities within the city 
limits of a city with a population over 
200,000 and not included in the high or low 
metro groups. 

Medium city. Cities with populations between 
25,000 and 200,000. 

Sma/t pieces. Communities with a population 
of less than 25,000. 



Group Results 

Sex 

Neither sex has a clear advantage in computa- 
tional ability since results for males and 
females varied at the different age levels. Male 
and female overall performance differed by 
only 1 percentage point at ages 9 and 17; girls 
had approximately a 3 percentagt- point 
advantage at age 13, while for adults, males 
outperformed females by about 4 percentage 
points. 



TABLE 31. Numbers of Exercises on Which Males and 
Females Were More Successful 

Age 9 Age 13 Age 17 Adult 

Number of exercises 

administered 33 37 33 jg 

Number of exercises 
on which more 
males answered 

correctly 13 6 18 14 

Number of exercises 
on which more 
females answered 

correctly 20 31 15 4 



Table 31 shows the number of exercises on 
which each sex had a higher percentage of 
success. Females performed noticeably better 
than males at age 13 while males had a similar 
advantage at the adult level. Differences in 
performance for 9 and 17-year-olds are not 
nearly so marked; females show a slight 
advantage at age 9 while males have a small 
edge at age 17. 

At all ages, males generally did better than 
females on the more difficult exercises and on 
word problems. Females tended to do better 
on "pure computation" exercises demanding 
the application of a specific mathematical 
process. For example, 9-year-old males did 
better than females on such exercises as the 
difference between a rocket target and the 
actual landing point, apportioning an equal 
number of dog biscuits over a number of days 
and determining how many words a girl 
missed on four spelling tests. Nine-year-okl 
females, on the other hand, were more suc- 
cessful with exercises on adding, subtracting 
and multiplying with one-place regrouping. 
Males at the three older age levels had a higher 
performance level on the exercises involving 
difference in air temperatures and time re- 
quired for a car to travel a certain distance. 
Females h&d an advantage in decimal subtrac- 
tion and multiplication at ages 13 and 17 and 
in decimal addition at all three of the older 
age levels. There were, of course, some excep- 
tions to these generalizations at every age 
level. 
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TABLE 32. Median Differences from National 
Performance Levels by Race 





Age 9 


Age 13 


Age 17 


Adult 


White 




4 


4 


3 


Black 


-14 


-21 


-21 


-19 



^Numbers indicate median difference from national 
percentages. Negative numbers indicate performance 
below that of the nation; positive numbers indicate 
performance above national levels. 



Color 

Blacks appeared to have difficulty with com- 
putation, their performance being generally 
below that of the nation as a whole. The 
differences from the national levels for Whites 
and Blacks for the various age levels are 
shown in Table 32. 

As the table indicates, White performance was 
above that of the nation and was virtually 
constant at all age levels. The difference in 
performance between Whites and Blacks was 
smallest at age 9 and increased for 13 and 
17-year-6lds, with no appreciable change in 
relative performance between ages 13 and 17. 

At age 9, Blacks showed the greatest differ- 
ence from national performance on the simple 
translation problems and on addition and 
multiplication with simple regrouping. Per- 
formance on these exercises was as much as 
20 to 25 percentage points below the national 
level. The divergence was not so marked on 
exercises that almost all 9-year-olds could 
do— for example, the properties of zero exer- 
cise—or exercises that almost no 9-year-olds 
could do— for example, long-division prob- 
lems. Thus, at age 9, Black children appear 
to be having difficulty in mastering skills 
which they should be acquiring at this age 
level. 

Blacks at the three older age levels were 
closest to the national levels of performance 
on the exercises where results were generally 



high, such as the properties of zero and the 
addition exercises. Some of the greatest dif- 
ferences in performance between Blacks and 
the nation occurred on the complex word 
problems and on problems involving the 
renaming and addition of fractions. The com» 
plex word problems were read on tape. 
However, in most of these problems, the 
computations required (such as long division) 
were not easy, and the difficulty of the 
computation coupled with the necessity for 
comprehending the verbal element involved 
may well have accounted for low performance 
on these items. 

Blacks at all age levels had higher percentages 
in the "other unacceptable" category, the 
category for unacceptable answers which fol- 
lowed no discemable error patterns. For the 
most part, percentages of responses in the "I 
don't know" and "no response" categories 
were similar for both Blacks and Whites. 



Region 

Naticnal Assessment reports results for four 
regions of the country: theiNortheast, South- 
east, Central and Western regions. The North- 
eastern region performed above national levels 
at all ages although this tendency decreased 
with age. The Southeast was approximately 6 
percentage points below the nation in overall 
performance at age 9; however, performance 
in relation to the nation steadily improved 
from ages 13 to adult. 

At the three school-age levels, individuals in 
the Central region tended to attain percent- 
ages a point or two above that of the nation 
while those in the West tended to be slightly 
below the nation. Adults in both the Central 
and West regions performed very slightly 
above national levels. Figure 3-2 displays 
regional performance relative to that of the 
nation at each age level. -The graph shows the 
median differences of group performance 
compared to the national performance. 



36 



BEST COPY AVAiUBLE 



FIGURE 3-2. Median Differences from National Performance Levels by Region 
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Parental Education 

Level of parental education had a consider- 
able influence upon performance on the 
assessment exercises. Percentages of success 
increased with higher levels of parental educa- 
tion. Those whose parents had no high school 
education were from 8 to 13 percentage 
points below the nation as a whole while 
those with at least one parent having some 
post high school education were 6 to 7 
percentage points above the national level. 

Performance across age levels was also affect- 
ed by level of parental education. For the no 
high school and some high school groups at 
the three school-age levels, the 9-year-olds 
were closest to the national level of perform- 
ance, and 13 and 17-year-old performance 
dropped progressively farther away. The dif- 
ference across 9, 13 and 17-year-old perform- 



ance for the groups with parents who grad- 
uated from high school or had some post high 
school education was relatively minor. Differ- 
ences of group performance firom national 
performance are shown in Figure 3-3. The 
graph depicts the median difference from 
national performance for each group at each 
parental education age level. 

Parental education level had less effect on the 
adult results. Adults whose parents had no or 
some high school education were not as far 
below the national levels as their school-age 
counterparts. Adults with at least one parent 
who had graduated from high school per- 
formed about 1 percentage point above 
respondents still in school; adults with at least 
one parent having some post high school 
education had about the same advantage as 
respondents with a similar background at the 
younger ages. In comparing the adult results 
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FIGURE 3-3. Median Differences from National Performance Levels by Parental Education Level 
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to those of the school-age respondents, it 
must be remembered that the adults answered 
only about half as many exercises, and some 
of the more difficult exercises were not 
administered to adults. The adult exercises 
were intended to measure ability in skills 
which adults use in their daily life, and the 
more "academic" skills, such as computation 
with integers and with fractions, were omitted 
from the adult assessment. 



Size and Type of Community (STOC) 

NAEP identifies seven community types, 
basing the groupings both on the size of the 
community and on type of employment of 
the majority of people in the community. The 



seven community types are high metro- 
politan, low metropolitan, extreme rural, 
urban fringe, main big city, medium city and 
small places. Median differences from national 
performance for each community type at the 
four age levels are displayed in Figure 3-4. 

Results for two types of communities-high 
metropolitan and low metropolitan-differed 
appreciably from national percentages. High 
metro areas are in or near large cities, and 
most of the adults in the community are in 
managerial or professional positions. Low 
metro areas are also in or near a large city, but 
a high proportion of the adults are on welfare 
or are not regularly employed. The high 
metro performed consistently above the 
nation on almost all exercises at every age 
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level with overall results approximately 6 to 8 
percentage points above national levels. Over- 
all results for the low metro group were 10 to 
16 percentage points below the national 
levels, showing the greatest difference from 
the nation at age 1 3. 

The high metro group performed consistently 
well on almost all the exercises at every age 
level. Overall results for the low metro group 
were below those for the nation on most 
exercises and were furthest below at age 13. 

High metro 9-year-olds showed greatest 
advantage relative to the nation on the simple 
word problems, while age 13, 17 and adult 
high metro respondents had the greatest 
advantage on those word problems in which 
long division was required. 

Low metro individuals generally showed the 
least difference from the nation on the simple 
computation problems on which national 
percentages were high. Although patterns 
were not consistent on every problem, 17- 
year-olds and adults were usually closer to the 
nation on simple computation exercises than 
the younger age levels. In contrast to their 
overall performance, 13-year-olds held a slight 
advantage over the older groups (when com- 
pared to national performance) on several 
addition problems. 

Two other types of communities, the extreme 
rural and the urban fringe, showed differences 
from the nation although not as substantial as 
for the above two community types. At ages 
9, 13 and 17, the extreme rural group's 
performance was 1 to 3 percentage points 
below that of the nation and the urban fringe 
performance was 2 to 5 percentage points 
above. Results for adults in these two groups 
were quite close to national results. 

Performances of main big city, medium city 
and small places respondents were very similar 
to that of the nation for all ages. 



Percentages of success on specific exercises 
for groups other than high and low metro did 
not follow any meaningful pattern of diver- 
gence from national percentages. 



Overall Group Results 

Results for individuals living in low metro 
communities, for individuals whose parents 
had some or no high school education, for 
Blacks and for those living in the Southeast 
showed the greatest difference from national 
levels of performance. Similar disparities have 
been found, to a greater or lesser degree, in 
other learning areas assessed by National 
Assessment. 

The differences from national levels of per- 
formance are not necessarily diminished by 
additional years of schooling. Low metro 
individuals. Blacks and those whose parents 
had some or no high school education showed 
greater differences from the national level at 
ages 13 and 17 than at age 9. Results for the 
Southeast region of the country did come 
closer to national levels as the age of the 
respondents increased. 

The lowest percentage of success for all 
exercises given was 58% at age 17 and 53% for 
adults— on the complex word problem requir- 
ing long division to translate snowfall into 
rainfall. In computational mathematics at 
least half of the population at or near the 
completion of schooling could accomplish the 
basic computational skills measured by this 
assessment. 

It is expected that future assessments in 
mathematics will provide even more precise 
indicators of areas of strength and weakness 
in mathematics knowledge and skills. Infor- 
mation on current levels of performance and 
also on changes in these levels over time can 
provide an additional source of empirical 
information to be used -as a tool in educa- 
tional decision making. 
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Additional Mathematics Assessment Results 

This report has presented results for matlie- 
matical i-omputation. Results for other select- 
ed areas of the mathematics assessment will 



be found in topical reports similar to this one. 
Complete documentation of exercises and 
data on exercise results will be available in the 
mathematics technical reports. 
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ADDITIONAL MATHEMATICS PUBLICATIONS FROM NATIONAL ASSESSMENT 



The Mathematics Assessment: A Statistical Report w.ll be a t*"^-™ ""^ 
orientation of all released information on the mathematics assessment. Included 
wm be complete exercise texts, exercise documentation, scoring guides, data on 
Tat onalTrformance levels and data on performance of the National Assessment 
reporting glps: age, region, sex, color, level of parental education and s,.e and 
type of community. 

Consumer Mathematics: Selected Results from the First National Assessment of 
ZheZtiTZ descnhe performance of 13.yearolds, IT-year-olds and adults m 
soMng^^^^^^^^^^^ in a consumer-related setting. Skills in using averages percenls 
prLTortfons measurement and geometric concepts and in reading and mterpretmg 
graphs will be discussed. 

The Mathematics Assessment: An Overview will summarize results ^^om vanou^^ 
conten? areas of the mathematics assessment. Major content areas mclude number 
nrn"tion concepts, properties of numbers and Xt^d^Uufti^^^^^^^^^ 
computation, estimation and measurement, algebra, probauihty and statistics and 

geometry. 

Mathematics Objectives details the objectives of mathematics education at the 
four assessment age levels as compiled by mathematicians and mathematics 
educators. The exercises contained in the mathematics assessment are designed to 
measure achievement of these objectives. 
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Omcial Nalioiial Assessment Reports 
(Continued from Inside Front Cover) 



Literature 

Understanding Imaginative Language, March 1973 
Responding to Literature, April 1973 
Recognizing Literary Works and Characters, April 1973 
A Survey of Reading Habits, May 1973 
Released Exercises, April 1973 
Summary Data, June 1973 

1971—72 Assessment 



02 L-Ol 
02L-02 
02L-0;i 
02L04 
02L-20 
02L-00 



03/04-GI Y General lnfc-rmation Yearb«ok-A description of Nati<,nal Assessment's 

methodology, with special attention given to Music, Social Studies. Science 
and Mathematics, December 1974 

Social Studies 

Oa SS-Ol Political Knowledge and Attitudes, December 1973 
03-SS 02 Contemporary Social Issues, July 1974 

03-SS ()0 The First Social Studies Assessment: An Overview, June 1 974 
Music 

n?tln ni T'^o ^'''^ National Assessment of Musical Performance, February 1 974 

JI, t Perspective on the First Music Assessment. April 1 974 

n^tl.T «;! in Assessment of Attitudes Toward Music, September 1974 
0,i-MU OO The First Music Assessment: An Overview, August 1974 

1972— 7.*i Assessment 
Mathematics 

04-MA-Ol Math Fundamentals: Selected Results from the First National 
Assessment of Mathematics, January 1975 
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